Background: Lack of data is a critical barrier to addressing the problem of stillbirth in countries with the highest stillbirth burden. Our study objective was to estimate the levels, types, and causes of stillbirth in rural Sylhet district of Bangladesh.
Background
Stillbirth has long been a large, yet mostly hidden burden of disease in the developing world [1] [2] [3] . Recent studies have drawn attention to the high global burden of an estimated 3.2 million annual stillbirths [2, 4] . Most stillbirths could be prevented by improving access to quality prenatal and obstetric care that is standard in wealthy countries [2] . Global estimates suggest that about one-third of stillbirths occur during the intrapartum period [5] . However, a five-country prospective study of stillbirth found only 17% of stillbirths were macerated, suggesting a higher proportion were intrapartum [6] . Estimating the timing of stillbirth is often challenging in low resource settings, [2, 7] and timing could not be determined in 46% of the stillbirths in an Egyptian study [7] . Nevertheless, some estimates suggest that up to 50% of stillbirths may be attributed to intrapartum conditions in settings with poor access to obstetric care [3] . The primary causes of stillbirth are thought to be prolonged and obstructed labor, hypertensive disorders of pregnancy and maternal infections [2, 3] .
Lack of data in countries with the highest stillbirth rates, due to poor vital registration systems and a low proportion of births or deaths in health facilities, is a critical barrier to addressing the problem of stillbirths [1, 2, 8, 9] . Measurement of stillbirths in community settings is particularly challenging, and verbal autopsy studies have often been used to assign causes of under-five child and neonatal deaths in settings where most deaths occur outside of facilities or a physician's care [9] [10] [11] [12] [13] [14] [15] . This methodology has also been used recently to ascertain causes of stillbirth [7, [16] [17] [18] . The main objectives of this paper were to estimate rates, types, and causes of stillbirths, using pregnancy history and verbal autopsy data from a large-scale survey conducted in rural Sylhet district of Bangladesh.
Methods

Study Population and Design
The study population came from the endline survey of the Projahnnmo-1 project, a cluster-randomized, controlled trial of a package of interventions to improve maternal and newborn health and survival. The trial was conducted in three rural sub-districts of Sylhet district, located in the northeastern part of the country [19] . A 34% reduction in neonatal mortality associated with the interventions was reported, and information on the design, implementation, and evaluation of the trial has been presented in detail elsewhere [19] . The baseline neonatal mortality rate was 48 per 1000 live births and the stillbirth rate was estimated at 32 per 1000 total births [20] . Health services are provided by the public sector, nongovernmental organizations, and a large formal and informal private sector. The closest emergency obstetric care facility is outside the study area at the Medical College Hospital in Sylhet city. The mean direct distance between the hospital and the 611 villages in the study area is 42.8 km (standard deviation 12.4, range [17.2-64.5] ). Women in Sylhet division (a larger administrative area that Sylhet district belongs to) as a whole had a cesarean section rate of 4.7% [21] .
Data
The endline survey of the Projahnmo-1 project, conducted during January -June 2006, collected data on lifetime pregnancy history and demographic and household wealth information from all women in the study area who had a pregnancy outcome in the three previous calendar years (2003) (2004) (2005) [19] . Pregnancy outcomes were classified as miscarriage, stillbirth, and live birth. Stillbirth was defined as delivery of a dead fetus with a gestational age of 7 months or more, and miscarriage was defined as the loss of a fetus of gestational age less than 7 months based on respondents' recall of first day of last menstrual period. For stillbirths, a follow-up question was asked to confirm that the baby never breathed or cried after birth.
For all stillbirths which occurred during 2003-2005, a verbal autopsy was conducted by separate interviewers who had at least 12 years of schooling and had received six days of training in verbal autopsy data collection. A total of 27 interviewers participated in data collection, and each collected information for about 65 stillbirths on average (standard deviation: 27, range [5] 113). The verbal autopsy interview was conducted during AprilSeptember 2006. We used the revised World Health Organization standard neonatal verbal autopsy tool, [22] in which all information is based on interviewees' report. The tool distinguishes stillbirths and early neonatal deaths and includes both open-history narratives and closed-ended questions about signs and symptoms of illness leading to death [15, 22] .
Measurement and Analysis
Stillbirth rate was calculated as the number of stillbirths per 1000 total births; the denominator included both stillbirths and live births. Stillbirths were categorized into two types based on information suggesting the timing of stillbirth relative to labor and delivery: antepartum and intrapartum. Stillbirths were classified as antepartum if the respondent reported "skin and tissue was pulpy (i.e., macerated body)" or "baby stopped moving before labor" (i.e., 'baby stopped moving during pregnancy' or 'baby did not move during the last few days before the birth').
Within each type of stillbirths, we used computerbased algorithms containing specific signs and symptoms (i.e., pre-defined expert algorithms) to assign causes of stillbirths, and allowed multiple causes for each stillbirth. We reviewed the recently suggested classification system for global estimates of causes of stillbirth [2] and assigned selected causes which could be measured using verbal autopsy data and that reflected maternal and fetal complications associated with potential underlying causes of stillbirth (Table 1) [16, [23] [24] [25] [26] . The five causes of antepartum stillbirths were congenital anomalies, maternal hemorrhage, maternal hypertensive disorders, maternal infections, and maternal severe anemia. For intrapartum stillbirths, we assigned five causes: congenital anomalies, intrapartum hypoxia, preterm labour, maternal hypertensive disorders, and maternal intrapartum infections. Maternal hypertensive disorders include pregnancy-induced hypertension, preeclampsia, and eclampsia. The case definition of maternal infections referred to a wide range of infections during pregnancy, including urinary and reproductive tract infections, sexually transmitted infections, and infection induced by or causing premature rupture of membranes [27] . Potential overlapping multiple causes were examined by cross-tabulation of all causes.
A non-hierarchical approach was used first to assign all possible causes among thosedescribed above, resulting in multiple causes for some stillbirths. Then, ahierarchical approach was used to assign a single primary cause of stillbirth, again using computer-based hierarchical algorithms. We reviewed the presumed physiological precedence of each cause's contribution to stillbirths and also considered probable accuracy of each case definition in our measurement, based on the exactness of signs and symptoms described in the verbal autopsy questionnaire. Cases with presumed high specificity were placed at a higher level in the hierarchy, although this study did not permit validation of case definitions. We adapted the hierarchies used in the Obaapa study [16] -one of the few which validated hierarchical algorithms using verbal autopsy data to ascertain a primary cause of stillbirths -with a few modifications (Figure 1 ).
Preliminary analyses suggested that stillbirth rates did not vary across study arms [19] . Thus, we used pooled data across study arms to provide estimates for the entire study area during [2003] [2004] [2005] . Analysis on timing and causes of stillbirths was limited to the stillbirths for which the mother was the main respondent for a completed verbal autopsy interview, in order to eliminate potential reporting errors on maternal complications by a third person [28] . We included both singleton and multiple births in analyses. STATA 10.0 statistical software (Stata Corporation, College Station, TX, USA) was used for the analysis. Table 2 ). Verbal autopsy interviews were completed for 1584 stillbirths (90.6%). The most common reason for incomplete interview was absence of any respondent (45%, 74/164). Background characteristics and recall period between pregnancy termination and verbal autopsy interview did not vary by interview status (Table 3) . Among those who completed the interview, about 80% delivered at home, 20% were assisted by neither health personnel nor a traditional birth attendant, and the majority delivered vaginally without any assistance or only with manual assistance (Table 3 ). The main respondent was the mother in 98.1% (1554/1584) of the completed interviews. Among the 1554 stillbirths, 164 (10.6%) were reported by 80 women who had 2 or more stillbirths during the period through multiple births and/or repeated pregnancies. The mean recall period was 25 months (standard deviation: 11, range [3, 44] , n = 1554).
Overall, 62% of stillbirths were classified as antepartum and 38% were intrapartum. However, in 131 of 965 antepartum stillbirths (13.6%), mothers reported paradoxically that the body was macerated yet that fetal movement had ceased prior to delivery, indicating potential reporting errors. In another 493 antepartum stillbirths, mothers reported cessation of fetal movement before onset of labor but no presence of maceration. The vast majority of the stillbirths occurred in term pregnancies, but, compared to intrapartum stillbirths, a larger proportion of antepartum stillbirths were in preterm pregnancies (Table 4 ). The distributions were comparable across the three years of the study (Table 2) .
Among antepartum stillbirths, based on the hierarchy of causes, about 29% had symptoms suggestive of maternal conditions, including infections (19%), hypertensive disorders (9%), or severe anemia (2%) ( Table 5) . Another 10% had maternal hemorrhage during pregnancy, and about 3% had congenital anomalies. A cause could not be assigned for 58% of the antepartum stillbirths using this methodology.
The primary cause of about half of intrapartum stillbirths was intrapartum hypoxia, according to the hierarchy (Table 5) , among which the most common cause was malpresentation (48%) (results not shown). Small proportions of intrapartum stillbirths were due to preterm labour (7.3%), maternal infections (5.4%), and maternal hypertensive disorders (4.6%). A cause could not be assigned in 28% of intrapartum stillbirths. Overall, 19% and 14% of the total stillbirths were due to obstetric complications and maternal infections, respectively. We further analyzed causes among singleton births only (n = 1444) (Table 6) , and results were comparable with those based on all births.
Sixty-two antepartum stillbirths and 117 intrapartum stillbirths met cases definitions of multiple causes, based on the non-hierarchical approach. Table 7 presents distribution of causes of stillbirths allowing for multiple causes based on the non-hierarchical approach, suggesting the primary-cause results were sensitive to changes in the hierarchy applied. For example, 23 antepartum stillbirths met the case definitions for maternal hemorrhage as well as maternal infections, and either cause was determined as the primary cause, depending on the order of the hierarchy.
Discussion
We used pregnancy history and verbal autopsy data to examine levels, timing, and causes of stillbirth in a rural population in Bangladesh, contributing to limited literature on stillbirth in developing countries. The estimated Delivery characteristics are available for those who completed the verbal autopsy interview only. *Including paramedics, family welfare visitors, health assistants, and family welfare assistants. †Including both trained and untrained traditional birth attendants.
stillbirth rate was about 36 per 1000 total births. About 60% and 40% of these stillbirths were classified as antepartum and intrapartum, respectively. Maternal infections and hypertensive disorders, for which various interventions are available, contributed to about 21% of total stillbirths. About 50% of intrapartum stillbirths or 19% of all stillbirths were attributed to obstetric complications. The estimated proportion of intrapartum stillbirths was roughly comparable with that reported in population-level studies conducted in Pakistan [18] and Ghana, [17] although the reported proportion ranged widely in other population-based studies, from 25% globally [5] to 86% in Nepal [29] . High proportions of intrapartum stillbirths were reported in studies where antepartum stillbirths were defined as "macerated", [6, 29] whereas our study assigned antepartum stillbirth to those that were macerated or for which the mother reported that fetal movement stopped before the onset of labor. Our results are in agreement with previous studies in developing countries that have attributed high rates of stillbirth to the presence of a high burden of maternal conditions during pregnancy and obstetric complications during labor and delivery [17, 18, [30] [31] [32] . The cesarean section rate in our study population was relatively low (4.7%), suggesting there was an unmet need for emergency obstetric care which contributed to risk for intrapartum stillbirth. Direct comparison of our results on individual causes to previous studies is limited, however, due to differences in methodology. In addition to differences in questionnaires and definitions of causes across studies, [2, 6, 28, 33] previous studies employed varying methods to assign causes such as physician review of the verbal autopsy data with [17] or without [18, [30] [31] [32] structured hierarchical algorithms.
Despite limitations, verbal autopsy methodology is the only feasible method currently available for use in defining causes of stillbirths in settings where most births and deaths take place at home and a functional vital registration system does not exist [2, 9, 33, 34] . In our study, well-trained field workers from the community administered the questionnaire, which was locally adapted to include culturally appropriate terms describing signs and symptoms. Further, high response rates in a population defined through a census and found to have high mortality provided complete verbal autopsy data on about 1600 stillbirths over the three-year study period. Our findings, however, have a number of limitations. First, the most critical limitation is possible underestimation of stillbirths using pregnancy histories, as reported in a previous study [35] . In the home-care arm of our study, based on the prospective pregnancy and birth surveillance data collected by community health workers, [36, 37] the stillbirth rate during 2004-2005 was estimated to be 50.4 per 1000 total births (562/11174), about 35% higher than our corresponding estimate based on retrospective pregnancy histories. While our neonatal mortality rate estimates were comparable between the prospective surveillance and retrospective pregnancy history data (data not shown), socio-cultural taboo might have discouraged reporting stillbirths in the retrospective survey of pregnancy histories [2] . Improvements in questionnaires and/or field administration of the questionnaire are needed to improve the ascertainment of stillbirth in pregnancy histories [7, 18, 21, 29] . It is possible that women were more likely to omit antepartum stillbirths, especially those which occurred earlier during pregnancy, than intrapartum stillbirths, [17, 35] potentially underestimating the burden of antepartum stillbirths. However, this needs further confirmation.
Second, we estimated timing of stillbirths based on maternal-report to two questions in the verbal autopsy questionnaire -'macerated body' and 'cessation of fetal movement before labor'. However, accuracy of classification based on such reporting has not been validated, [9] and our results suggested potential issues in classification. Classification of stillbirths into antepartum and intrapartum would require examination of fetal remains for presence of signs indicating whether the fetus died more or less than 12 hours before delivery (antepartum and intrapartum stillbirths, respectively), [5] although there is potential misclassification using this definition [2, 5, 9] . However, socio-cultural factors may encourage rapid and secretive disposal of fetal remains in many cultures [2] . Mothers might not have seen the remains and/or family members who buried the remains might not have conveyed details of the remains to mothers, raising potential issues in validity of maternal report in questions regarding appearance of the remains. We speculate that macerated body might have been under-reported in our population.
Third, our case definitions used in both non-hierarchical and hierarchical expert algorithms, have not been validated. Use of the World Health Organization standardized verbal autopsy questionnaire along with the algorithms is likely to have low sensitivity for certain case definitions. For example, we only measured the lethal congenital abnormalities of the head and neural tube defects, and stillbirths due to other common congenital abnormalities, including chromosomal abnormalities and major cardiac defects were not included. Measurement of maternal infections is based on only two symptoms, whereas asymptomatic infections, including urinary and reproductive tract infections, are important causes of stillbirths. Hypertensive disorders and anemia may be underreported in this setting, since 
Congenital abnormality (n = 5) the definition consisted of convulsion or hypertension during pregnancy diagnosed by a health worker, while antenatal screening is not universal and is often of poor quality in the study area. A substantial proportion of stillbirths (49% of total) was unexplained in our study, but this level is comparable to previous studies using verbal autopsy data [17, 18] . Even in settings with adequate obstetric care, stillbirth often remains an event without clear cause [38] . In addition, the high degree of overlap between causes in our data suggests that the results are sensitive to changes in the hierarchy applied. There is relatively little experience in the use of verbal autopsy and hierarchical algorithms to assign the primary cause for stillbirth, [33] whereas there is ample experience of using verbal autopsy to ascertain causes of neonatal deaths [10] [11] [12] [13] [14] 39] and growing agreement exists regarding use of hierarchical algorithms to assign the primary causes of neonatal deaths [15, 40] . Only one study, using data from the Obaapa trial conducted in rural central Ghana, validated hierarchical algorithms to assign primary cause of stillbirths based on verbal autopsy data. The study reported high sensitivity and specificity of their algorithm in identifying intrapartum stillbirths due to obstetric complications but lower validity for other causes compared to physician review [16] . Also, sensitivity and specificity were generally lower for identifying causes of stillbirths compared to causes of neonatal deaths [16] .
Finally, the mean recall period of 25 months in our study is longer than that generally reported [28] . However, the relationship between reporting errors and recall periods has been studied mainly using verbal autopsy data for adult deaths, where the respondent's recall may not be as accurate as maternal recall of symptoms and signs preceding stillbirths or child deaths [28] .
Despite these limitations in measurements, our findings on stillbirth burden and etiology have important programmatic implications for preventing stillbirths in rural Bangladesh and in similar settings. About half of the intrapartum stillbirths, or about 19% of total stillbirths, resulted from obstetric complications. Maternal conditions, including hypertensive disorders, infections, and anemia, contributed to 29% of antepartum stillbirths and 11% of intrapartum stillbirths. In particular, maternal infections contributed to 14% of total stillbirths in our population, suggesting the need to address this complication at the community level. A recent population-based study on neonatal bacteremia also suggested the potential significance of preventing vertical transmission of maternal infections to reduce neonatal infections in communities [27] .
Preventive and curative interventions to address maternal complications are available, but have not been scaled up effectively in many low-resource settings [41, 42] . Maternal infections during pregnancy include a variety of conditions such as urinary and reproductive tract infections, sexually transmitted infections, malaria, and infection following or causing premature rupture of membranes. Prophylactic antibiotic treatment may reduce the risk of maternal infections and premature rupture of the membranes, [43, 44] although evidence on the reduction in perinatal mortality is inconclusive [42] . Routine screening and treatment of syphilis is an effective intervention to reduce perinatal mortality, although the disease burden is thought to be low in our study population [41, 42] . Prophylactic treatment and insecticide-treated bednets are also effective interventions to reduce perinatal mortality in malaria endemic areas [41, 42, [45] [46] [47] . Hypertensive disorders during pregnancy include a wide range of conditions, [48, 49] but pregnancy-induced hypertension and preeclampsia may be effectively prevented with calcium supplementation during pregnancy [41, 42, 50] . Finally, nutritional interventions during pregnancy to address both macro-and micronutrient deficiencies have the potential to address important contributing factors for stillbirths, [41] although further evidence of their effectiveness in reducing stillbirths is needed [41, 51] .
In order to reduce intrapartum stillbirths, strategies to improve access to skilled childbirth care and management of obstetric complications during labor and delivery are essential [41, 52, 53] . Such interventions include improving birth preparedness [54, 55] and increasing access to skilled birth attendance at home [56] [57] [58] [59] and high quality emergency obstetric care, in particular including Caesarean section and access to essential drugs [53, 60, 61] . To improve access to these interventions, strategies such as community mobilization, financial incentive schemes, and community referral/ transport systems have been suggested to be promising [62] . Magnesium sulfate can effectively prevent eclamptic seizures during labor, although its impact on perinatal mortality has not been demonstrated [52] . Finally, maintaining quality of care during labor is essential as improper use of uterotonics is associated with increased risk of stillbirth [63] .
Conclusions
We identified a high burden of stillbirths in rural Bangladesh. Nearly two-thirds of stillbirths occurred in the antepartum period. The etiology of stillbirths implies that optimal management of maternal complications during pregnancy and obstetric complications during labor are required to avert stillbirths in this population. Proven interventions are available with the potential to substantially reduce stillbirth rates; these should be scaled in the context of maternal and child health programs. The causes of about half of the stillbirths could not be ascertained. Methodologic improvement in measurement of stillbirths, in particular causes of stillbirths, is critical to better understand and avert stillbirths in low-resource settings.
